A mixed culture and a pure bacterial strain (BMV8) were isolated from a bioreactor for thiocyanate treatment. Both cultures removed 5 mM of thiocyanate from the medium in 36 hours. The mixed culture was able to tolerate concentrations up to 60 mM. The efficiency of thiocyanate degradation decreased when the cells were immobilized.
Cyanide is present in high concentration in effluents and as solid mine tailings. Due to its toxicity, cyanide is converted to thiocyanate by the addition of sulfur at high temperature and alkalinity (11, 20) . Thiocyanate (SCN -) is used in a variety of industrial processes, such as photofinishing, herbicide and insecticide production, dyeing, acrylic fiber production, manufacturing of thiourea, metal separation and electroplating, as well as corrosion inhibitor (3, 10) . The presence of free and metal-complex cyanides in industrial wastewasters is an important environmental problem considering the acute toxicity of these species for living organisms (5, 6) . The resultant thiocyanate of wastewaters is usually treated by an activated sludge process, where microbial activity degrades this substance as source of nitrogen, sulfur, nitrogen and, energy (11, 16) . Since biological treatment is limited to a very low concentration of cyanides (6) , microbial degradation of thiocyanate has been extensively studied (5, 10) . The present study reports the results obtained with thiocyanate degradation by mixed and pure cultures of a bacterial strain isolated from a fixed bed bioreactor for cyanide and thiocyanate removal.
Liquid samples were collected from a laboratory scale fixed bed bioreactor used for the study of mining effluent treatment by the company "Mineração Morro Velho" (Nova Lima, MG, Brazil) and cultured in modified minimal salt medium M9 (2,12) plus 5 mM thiocyanate (Merck, Germany) as nitrogen source and 11 mM glucose as carbon source. The MIC values were determined in 250 ml Erlenmeyers flasks containing 25 ml of M9 medium, with increasing thiocyanate concentrations (7 to 70 mM). The incubation was carried out at 30ºC in rotary shaker at 250 rev.min -1 . An 1% (v/v) culture, grown for 48 h in the same medium, was used as inoculum and the growth was evaluated by measuring dry weight. The MIC was defined as the lowest concentration of inhibitor above which no growth was observed. The thiocyanate degradation profile was studied either by culturing the mixed culture and the BMV8 strain immobilized in citric pectin. Citric pectin (4%, w/w) (Citrus Colloids -low methoxy -amide gel) was dissolved in *Corresponding author. Mailing address: Centro de Pesquisas René Rachou-Fiocruz, Av. Augusto de Lima 1715, 30190 002 Belo Horizonte, MG, Brasil. E-mail: elaine@cpqrr.fiocruz.br distilled deionized water and mixed with a magnetic stirrer for 1 hour at room temperature. This solution was then added to the mixed bacterial culture or the BMV8 strain containing 10% (w/v) dry weight. This final solution (pectin-microorganism) was added to a 0.2 M solution of BaCl2. A spontaneous crosslinking reaction occurred, resulting in spherical beads with an average diameter of about 3 mm, which were stored at 4ºC for 24 hours. The beads were then washed with distilled deionized water to remove excess BaCl 2 (20 g wet weight). In all steps, non-inoculated controls containing M9 medium with thiocyanate and glucose were run. Thiocyanate was determined by the method of Stafford and Callely (13) . Glucose was determined by a colorimetric method (15) . Ammonia was determined by the assay of Fawcett and Scott (9) . Each experiment was run in triplicate and repeated at least three times in different days.
A mixed culture of bacteria was obtained from the mining effluent treatment by the enrichment technique. The BMV8 strain was isolated from this mixed culture and the taxonomic studies of this strain suggested that this bacteria may belong to the genus Pseudomonas. Identification to species level by numerical identification was often not possible. For the final identification of the strain, additional investigations such as 16S rRNA analysis are needed. Bacteria isolated from industrial wastewaters by other authors were mainly assigned to the genera Acinetobacter, Alcaligenes, Bacillus, Citrobacter, Enterobacter, Escherichia, Klebsiella, Paracoccus, Pseudomonas, Thiobacillus (5, 7, 8, 11, 16) . The mixed culture ( Fig.1-a) and the BMV8 isolated strain (Fig.1-b) were able to degrade thiocyanate heterotrophically using this compound as a nitrogen source. Most of the thiocyanate-utilizing microbes reported in the literature are autotrophs, and only few heterotrophs with ability to degrade thiocyanate have been described (1, 16, 18, 19) . In the noninoculated control medium (M9), the levels of thiocyanate did not decrease during the incubation period. Thiocyanate utilization occurred mainly during the exponential phase of growth for both cultures. A similar result was previously reported for Arthrobacter species (4, 18) . Unlike the mixed culture, BMV8 strain cultures showed the formation of 1.46 mM ammonia after 36 hours of incubation. This amount decreased to 1.23 mM within 48 hours (data not shown). However, no ammonia was found during thiocyanate degradation by the mixed culture, this may be due to rapid utilization of ammonia by bacteria metabolism during growth (14) . Thiocyanate degradation lead to pH decrease and formation of carbonyl sulfide and ammonia that are toxic to organisms (11) and it is possible that these metabolites interfered the BMV-8 strain growth. The MICs determined for thiocyanate was represented in Fig.1 -c. The mixed culture was able to tolerate thiocyanate concentrations of about 60 mM, while BMV8 tolerated concentrations up to 45 mM. However, an initial inhibitory effect was observed to mixed and pure culture at 20 mM. The biomass decrease observed to mixed culture was smaller than BMV8, when thiocyanate concentration was increased suggesting that the higher tolerance of thiocyanate in the mixed culture may be attributable to a synergistic interaction between thiocyanatedegrading bacteria and other microorganisms. Thiocyanate removal (77%) was observed only by the suspensions of cells of BMV8 strain previously grown in the presence of thiocyanate. However, the cells kept in ammonia removed only 10% of thiocyanate present in the medium (Fig.1-d) . These results suggest that the enzyme(s) involved in thiocyanate degradation by the BMV8 strain is (are) inducible. Despite similar kinetics of thiocyanate degradation for the growing cells of the BMV8 strain and the mixed culture, thiocyanate degradation by the immobilized mixed culture (Fig.1-e) was shown to be greater than the capacity of degradation of the immobilized BMV8 strain (Fig.1-f ). Both cultures were less efficient in the removal of thiocyanate when immobilized (Fig.1-e and f) . Many authors have reported differences in specific metabolic activity between free and immobilized microorganisms. The cause of these changes in cellular activity is still unclear and could be attributed to a modification of the physical and chemical environment of immobilized cells, or to an actual change in cellular physiology induced by immobilization (13) .
The mixed culture of microorganisms and BMV8 were able to metabolize thiocyanate heterotrophically as a nitrogen source. Despite presenting similar kinetics of thiocyanate degradation in the suspended cultures, the mixed culture presented higher resistance against thiocyanate than the BMV8 strain. The best efficiency was achieved when the cells were immobilized. These advantages could be useful in bioprocesses for the treatment of thiocyanate-containing effluents.
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RESUMO

Degradação de tiocianato por culturas puras e mixtas
Uma cultura mixta e uma linhagem bacteriana pura foram isoladas de um bioreator para tratamento de tiocianato. As culturas removeram 5mM de tiocianato do meio em 36 horas. A cultura mixta foi capaz de tolerar concentrações superiores a 60mM. A eficiência da degradação de tiocianato diminuiu quando as células foram imobilizadas.
Palavras chave: biodegradação, cianato, imobilização, microorganismos, tiocianato Figure 1 . (a) -growth ( __ __ ) and thiocyanate degradation ( __ __ ) of the mixed culture on 5 mM thiocyanate as a nitrogen source and 11 mM glucose as a carbon and energy source; (b) -growth ( __ __ ) and thiocyanate degradation ( __ __ ) of BMV8 on 5 mM thiocyanate as a nitrogen source and 11 mM glucose as a carbon and energy source; (c) MIC of the mixed culture ( __ __ ) and of the BMV8 strain ( __ __ ); (d) -thiocyanate degradation by a suspension of bacterial cells of the BMV8 strain previously grown in the presence of 5 mM of thiocyanate ( __ __ ), or ammonia ( __ __ ); (e) -glucose as carbon and energy source (11 mM) ( __ __ ) and thiocyanate degradation ( __ __ ) by an immobilized mixed culture on 5mM thiocyanate as a nitrogen source; (f) -glucose as carbon and energy source (11 mM) ( __ __ ) and thiocyanate degradation ( __ __ ) by the BMV8 strain immobilized on 5 mM thiocyanate as nitrogen source. Representative data of one experiment.
